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$\sqrt{L/g}$ ($g$ ) $(\tilde{x},\tilde{y},\overline{z})$
$\tilde{x},\tilde{y}$ 2 $(\tilde{x},\tilde{y},\tilde{z})$
1890 2014 8-15 8
1: 2:
(2.1)
$\{\begin{array}{l}\tilde{x}=-a_{0}(\cos\phi\cos\theta\cos\Omega t-\sin\phi\sin\theta\sin\Omega t) ,\tilde{y}=-a_{0}(\cos\phi\sin\theta\cos\Omega t+\sin\phi\cos\theta\sin\Omega t) ,\end{array}$ (2.1)
t $\ovalbox{\tt\small REJECT}$ $a_{0}$ $\theta$ $\phi$ $0^{o}\leq\theta\leq 45^{O},$ $0^{O}\leq\phi\leq 45^{o}$
1 $\Omega$ $\theta$
$\tilde{x}$ $2a_{0}\cos\phi,$ $2a_{0}\sin\phi$
2 $(x, y, z)$ $x,$ $y$
$x=0,$ $\pi$ $y=0,$ $\pi$ $z$
$z=0$
$u$ $\Phi(x, y, z, t)$ $u=(\partial_{x}\Phi, \partial_{y}\Phi, \partial_{z}\Phi)$
$\partial_{x}=\frac{\partial}{\partial x}$ ( ). $z=\eta(x, y, t)$
(2.1)
$\partial_{t}\Phi + \eta+f(\cos\phi\cos\theta\cos\Omega t-\sin\phi\sin\theta\sin\Omega t)x$
$+$ $f( \cos\phi\sin\theta\cos\Omega t+\sin\phi\cos\theta\sin\Omega t)y+\frac{1}{2}(\nabla\Phi)^{2}=0$ , at $z=\eta$ , (2.2)
$\nabla=(\partial_{x}, \partial_{y}, \partial_{z}),$ $f=a_{0}\Omega^{2}$
$divu=0,$
$\Phi$
$\nabla^{2}\Phi=0$ , for $-h\leq z\leq\eta$ , (2.3)
$\nabla^{2}$
$\partial_{t}’\eta-\partial_{z}\Phi+\partial_{x}\eta\partial_{x}\Phi+\partial_{y}\eta\partial_{y}\Phi=0$ , at $z=\eta$ , (2.4)
$O$
$\partial_{x}\Phi=0$ , at $x=0,$ $\pi$ , (2.5a)
$\partial_{y}\Phi=0$ , at $y=0,$ $\pi$ , (2.5b)




$m,$ $n$ $(m, n)\neq(0,0)$ $0$ $\lambda_{m,n}=\sqrt{m^{2}+n^{2}}$
$m$ $n$ $(m, n)$ (2.2),(2.4)
$(m, n)$ $\omega_{m,n}$ $\omega_{m,n}=\sqrt{\lambda_{m,n}\tanh(\lambda_{mn}h)}$
$T(t)=ce^{i\omega_{m,n}t}+c.c.,$
cc. $c$ $(m, n)$
$\Omega$ $(1, 0)$ $(0,1)$ $\sqrt{\tanh h}$ ( $H$ )
(2.2) $\Phi$ $z=0$ $\eta,$ $\Phi$
4
$\partial_{t}\Phi+\eta+f(\cos\phi\cos\theta\cos\Omega t-\sin\phi\sin\theta\sin\Omega t)x+f(\cos\phi\sin\theta\cos\Omega t+\sin\phi\cos\theta\sin\Omega t)y$
$+ \eta\partial_{z}\partial_{t}\Phi+\frac{1}{2}(\nabla\Phi)^{2}+\frac{1}{2}\eta^{2}\partial_{z}^{2}\partial_{t}\Phi+\frac{1}{2}\eta\partial_{z}[(\nabla\Phi)^{2}]=0$ , at $z=0$ , (2.6)
(2.4)














(2.6), (2.7) $\partial_{t}$ $\partial_{t}+\epsilon^{2}\partial_{\tau}$ (2.9) (2.8), (2.10) $O(\epsilon)$
$\partial_{t}\Phi_{1}+\eta_{1}=0$ , at $z=0$ , (2.11a)
$\partial_{t}\eta_{1}-\partial_{z}\Phi_{1}=0$ , at $z=0$ , (2.11b)
$O(\epsilon^{2})$
$\partial_{t}\Phi_{2}+\eta_{2}+\eta_{1}\partial_{z}\partial_{t}\Phi_{1}+\frac{1}{2}(\nabla\Phi_{1})^{2}=0$, at $z=0$, (2.12a)




$+ \eta_{2}\partial_{z}\partial_{t}\Phi_{1}+\frac{1}{2}\eta_{1}^{2}\partial_{z}^{2}\partial_{t}\Phi_{1}+\nabla\Phi_{1}\cdot\nabla\Phi_{2}+\frac{1}{2}\eta_{1}\partial_{z}[(\nabla\Phi_{1})^{2}]=0$ , at $z=0$ , (2.13a)
$\partial_{t}\eta_{3}-\partial_{z}\Phi_{3}+\partial_{\tau}\eta_{1}-\eta_{1}\partial_{z}^{2}\Phi_{2}-\eta_{2}\partial_{z}^{2}\Phi_{1}-\frac{1}{2}\eta_{1}^{2}\partial_{z}^{3}\Phi_{1}+\partial_{x}\eta_{1}\partial_{x}\Phi_{2}+\partial_{x}\eta_{2}\partial_{x}\Phi_{1}$
$+\eta_{1}\partial_{x}\eta_{1}\partial_{z}\partial_{x}\Phi_{1}+\partial_{y}\eta_{1}\partial_{y}\Phi_{2}+\partial_{y}\eta_{2}\partial_{y}\Phi_{1}+\eta_{1}\partial_{y}\eta_{1}\partial_{z}\partial_{y}\Phi_{1}=0$, at $z=0$, (2.13b)
10
$\Phi_{j}(j’=1,2, \cdots)$ (2.3), (2.5) $O(\epsilon^{j})$
$\{\begin{array}{l}\nabla^{2}\Phi_{j}=0, for -h\leq z\leq\eta,\partial_{x}\Phi_{j}=0, at x=0, \pi,\partial_{y}\Phi_{j}=0, at y=0, \pi,\partial_{z}\Phi_{j}=0, at z=-h,\end{array}$ $(j=1,2, \cdots)$ , (2.14)
(2.10) $H$ $(1, 0)$ $(0,1)$
(2.11) (2.14) $j=1$
$\Phi_{1}=(a(\tau)\cos xe^{iHt}+b(\tau)\cos ye^{iHt})\cosh(z+h)/\cosh(h)+c.c., (2.15a)$
$\eta_{1}=-iH(a(\tau)\cos x+b(\tau)\cos y)e^{iHt}+$ c.c., (2.15b)
$a(\tau)$ $b(\tau)$ $(1,0)$ $(0,1)$ $\tau$




$\eta_{2}=(S_{4}abe^{2iHt}+S_{5}ab^{*})\cos x\cos y+(S_{6}a^{2}e^{2iHt}+S_{7}|a|^{2})\cos 2x+(S_{6}b^{2}e^{2iHt}+S_{7}|b|^{2})\cos 2y+$ c.c.,
(2.16b)




$S_{1}= \frac{1}{8H}(3H^{4}+1),$ $S_{2}= \frac{2H}{4H^{2}-\sqrt{2}\tanh(\sqrt{2}h)}(3H^{4}-1),$ $S_{3}= \frac{3H}{4(2H^{2}-\tanh(2h))}(H^{4}-1)$ ,
$S_{4}= \frac{H^{2}}{4H^{2}-\sqrt{2}\tanh(\sqrt{2}h)}(3\sqrt{2}\tanh(\sqrt{2}h)H^{2}-4),$ $S_{5}=H^{4},$
$S_{6}= \frac{1}{4(2H^{2}-\tanh(2h))}(3\tanh(2h)H^{4}-4H^{2}-\tanh(2h)),$ $S_{7}= \frac{1}{4}(H^{4}+1)$ ,
(2.15), (2.16) (2.13)
$\partial_{t}\Phi_{3}+\eta_{3}=(p_{1}\cos x+p_{2}\cos y)e^{iHt}+F+$ c.c., at $z=0$ , (2.17a)
$\partial_{t}\eta_{3}-\partial_{z}\Phi_{3}=(q_{1}\cos x+q_{2}\cos y)e^{iHt}+G+$ c.c., at $z=0$ , (2.17b)
$p_{j},$ $q_{j}(i=1,2)$








$\tau$ $x,$ $y,$ $t$ (2.17) $F,$ $G$ $x,$ $y,$ $t$
$e^{iHt}\cos x$ $e^{iHt}\cos y$ (2.17)
$\cos(Ht+\delta\tau)=\frac{1}{2}e^{iHt}e^{i\delta\tau}+$ $c$ . $c$ ., $\sin(Ht+\delta\tau)=-i\frac{1}{2}e^{iHt}e^{i\delta\tau}+$ $c$ . $c$ .,
$-\pi\leq x\leq\pi$ $|x|$ Fourier
$|x|= \frac{\pi}{2}-\frac{4}{\pi}(\cos x+\frac{1}{9}\cos 3x+\frac{1}{25}\cos 5x+\cdots)$ ,
eiHt $\ovalbox{\tt\small REJECT}$ $\cos^{2}x,$ $\cos^{3}x,$ $\sin^{2}x,$ $\cos^{2}y,$ $\cos^{3}y,$ $\sin^{2}y$




$m,$ $n$ $(m, n)\neq(0,0)$ $0$ $Q_{m,n}^{(3)}$ $t$ $\tau$
(2.17), (2.19) (2.17) 1 $x,$ $y$
$\cos x$ $\cos y$ (2.19) $(m, n)=(1,0),$ $(0,1)$
$Q_{1,0}^{(3)}=d_{1},$ $Q_{0,1}^{(3)}=\hat{\alpha}_{2}$
$\Phi_{3}=(\hat{\alpha}_{1}\cos x+\hat{\alpha}_{2}\cos y)\cosh(z+h)/\cosh(h)$ , (2.20)
$\eta_{3}$
$\Phi_{3}$ $x,$ $y$
$\eta_{3}=\hat{\beta}_{1}\cos x+\hat{\beta}_{2}\cos y$ , (2.21)
$\hat{\alpha}_{j},\hat{\beta}_{j}(j=1,2)$ $t$ $\tau$ (2.17) 1 $t\ovalbox{\tt\small REJECT}$ $e^{iHt}$
(2.20), (2.21)
$\hat{\alpha}_{j}=\alpha_{j}e^{iHt}+$ $c$ . $c$ ., $\hat{\beta}_{j}=\beta_{j}e^{iHt}+$ $c$ . $c$ ., $(j=1,2)$ , (2.22)
$\alpha j,$ $\beta_{j}(i=1,2)$ $\tau$ $\alpha j$ , $\Phi_{3},$ $\eta_{3}$
$\Phi_{3}=(\alpha_{1}\cos x+\alpha_{2}\cos y)e^{iHt}\cosh(z+h)/\cosh(h)+$ c.c., (2.23a)
$\eta_{3}=(\beta_{1}\cos x+\beta_{2}\cos y)e^{iHt}+$ c.c., (2.23b)
(2.23) (2.17) 1
$iH(\alpha_{1}\cos x+\alpha_{2}\cos y)+\beta_{1}\cos\dot{x}+\beta_{2}\cos y=p_{1}\cos x+p_{2}\cos y$ , (2.24a)
$iH(\beta_{1}\cos x+\beta_{2}\cos y)-H^{2}(\alpha_{1}\cos x+\alpha_{2}\cos y)=q_{1}\cos x+q_{2}\cos y$ , (2.24b)





$iHp_{j}=q_{j}, (j=1,2)$ , (2.26)
(2.26) (2.18) $R_{1}=\neg 16^{1}H(2H^{12}+3H^{8}+12H^{4}-9),$ $R_{2}=$
$\frac{1}{2}[-H^{3}+S_{2}(1-4H^{2}\tanh(\sqrt{2}h))-\frac{1}{2}H^{3}S_{4}+\frac{1}{2}H^{3}S_{5}],$ $R_{3}= \frac{1}{2}(1+\frac{1}{2}H^{4})$
$\partial_{\tau}a=-iR_{1}|a|^{2}a-iR_{2}|b|^{2}a-iR_{3}a^{*}b^{2}+e^{i\delta\tau}(\cos\phi\cos\theta+$ isin $\phi\sin\theta)$ , (2.27a)
$\partial_{\tau}b=-iR_{1}|b|^{2}b-iR_{2}|a|^{2}b-iR_{3}a^{2}b^{*}+e^{i\delta\tau}(\cos\phi\sin\theta-$ isin $\phi\cos\theta)$ , (2.27b)
$a(\tau)=A(\tau)e^{i\delta\tau},$ $b(\tau)=B(\tau)e^{i\delta_{\mathcal{T}}}$
$\frac{dA}{d\tau}=-\alpha A-i\delta A-iR_{1}|A|^{2}A-iR_{2}|B|^{2}A-iR_{3}A^{*}B^{2}+\cos\phi\cos\theta+$ isin $\phi\sin\theta$ , (2.28a)
$\frac{dB}{d\tau}=-\alpha B-i\delta B-iR_{1}|B|^{2}B-iR_{2}B|A|^{2}-iR_{3}A^{2}B^{*}+\cos\phi\sin\theta-$ isin $\phi\cos\theta$ , (2.28b)
$\alpha$ $\alpha$ ,
$\delta$ , 1 $\theta$ ,




Yoshimatsu Funakoshi[3] $M= \frac{1}{2}(A^{*}B-AB^{*})$
$M$ Yoshimatsu Funakoshi $a_{r}=$
${\rm Re}[a],$ $a_{i}={\rm Im}[a],$ $b_{r}={\rm Re}[b],$ $b_{i}={\rm Im}[b]$ $\eta_{1}$
$\eta_{1}=2(a_{r}\cos x\sin Ht+a_{i}\cos x\cos Ht+b_{r}\cos y\sin Ht+b_{i}\cos y\cos Ht)$ , (2.29)








( $\eta_{1}=0$ ) $M>0$ $M<0$
(2.29) $\eta_{1}$ 2 4 $Q_{j}(i=1, \cdots, 4)$ ,
$Q_{j}$
$\eta_{1}$ $\eta(Q_{j})$ $\eta(Q_{1})=-\eta(Q_{3}),$ $\eta(Q_{2})=-\eta(Q_{4})$
$t$ $\eta(Q_{1})$ $\eta(Q_{2})$









(2.28) ( ) Brent
(2.28) $O$
3.2 $\theta.$ $\phi$
$\theta,$ $\phi$ $0^{O}\leq\theta\leq 45^{O},$ $0^{O}\leq\phi\leq 45^{o}$ $h=\pi L,$ $\alpha=0.3$














$M>0$ $M>0$ $\phi$ $\theta$ $\phi=45^{o}$
$\theta$ $M>0$
3.3
(2.28) Ikeda [4] 60[mm] 1
100[mm] $(1, 0),$ $(0,1)$ 2 $\theta=0^{o},$
$30^{o},$ $45^{o}$ 3 ( $\phi=0^{O}$ )





2 $\delta$ , $\alpha$ ,
1 $\theta$ , $\phi$ , $h$ $(1, 0)$
$(0,1)$
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